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ABSTRACT 

PROBLEM TO BE SOLVED: To realize a high performance TFT by providing an 
active layer containing a metal element for accelerating the 
crystallization at specified concentration so that the standard deviation 
of the S-value showing electric characteristics is within specified value 
in each of an n- and p-channel types. 

SOLUTION: After forming an active layer 1 06, a gate insulation film 107 is 
formed on this layer 106 and heat-treated (secondly) in a 
halogen-containing atmosphere. In this step, a segregated metal element 
e.g. Ni at the grain boundary of an acicular or columnar crystal is 
gettered by the action of the halogen to reduce Ni in the active layer 106 
to 1X10(sup 16)-5X10(sup 1 7)atoms/cm(sup 3). The active layer 1 06 has 
a directivity at the grain boundary and crystal structure of aggregated 
acicular or columnar crystals approximately parallel to a substrate. The 
standard deviation of the S-value showing electric characteristics can 
remain within 15mV/dec in an n-type and within 30mV/dec in a p- 
channel 
type. 
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^L/fc&GPfgP'f t>0-ft>SA^i^. 
t>£AIS. £©V-X,'KU^>««*»J«TSK£ 

0 fcffi.^-XSTfcoTfrftfrft-5. (B2 (B) ) 

[0 0 7 0] Tfti. V-^f«l 12. KU-f>«« 

1 1 3ttt«LxT^RR«l«Sa)ttV». <flaMPF«»«* 

114, ii 5 n*. -e-Lxy-f h€® 1 1 1 

1T©1 1 6T'ix2n&mW.tf&'£&'&&)lZ ; 5 Lj r*)ln% 
[0 0 7 1 ] ft*. *)Wfcm®. 1 1 6i Hl/ -f > 

n. ^r*;u»js£«cwi 1 6 1 hu-t 1 3 t<c 

[0 0 7 2] ?^^;WBBJtflil«l 1 6 (J«S(Cii 

J4SHW II P B «!: ^ o fti^FW^) SrgsfiD L ft ^ 7 > H - 
[0 0 7 3] iE«)«l*'ft>0£AlSC 

>£A^IC?§tt®^S^^a^O[HlS^fi : fttifl«. 

[0074] s.-t. 7K^<t5aasoo -350 "cosse 
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it txio21atoms / cm3 gTF. !ffSL< it 1 xiol5~ i 
xi0 2l aloms / cm 3 coigSTTk^Ti^DcFfl^). 
[0 0 7 5] 2 (B) CSrttJ8**»6tlfc 

sfciawMawR i 1 7fias-ri>. mmtmmi 1 7 

«. (02 (C) ) 

[0 0 7 6] Sfc. #attt»KDlT**#'J-f 5 
v » -3 £ . Jt WW AW SUB -C±TiaRM ±« ft £ 

[0 0 7 7] &(;:, SHQf&fldRl 1 7 3>^i7 
ODJgfiJtSff V— *«ffi 1 1 8th'I/-f >^fil 1 1 9 

i*»j5tT4. $e»tc3 5 orroTK^H^+ir^v^T 

0 2 (C) l:fvtTFT?l^n. 
[0 0 7 8] 12 2 (C) lciR-rTFTW:K9!0)fc«>*fc 

nmm. t a. 1 t v » % . c^sbis ^* k 

[0079] *H^Jicfi£oT*%BJ#6^ 
SlfcI2 (C) K^Sft*¥#*«£«©«aM*tt*IH 



6(C^T. 0 6 (A) teN^*;i/iaTFTCO^£MSte 

(ic-vg #tt) . 16 (B) iap^+*;uSTFTrom 

fi»*6SLTk>5. ft*S, Id-Vg 

[ooso] imtovGJiy'f Kmffffi. 

fc. 6 0 1. 6 0 3Tj*£*T.3ld-Vg ftSteKU'f 
JEVD= 1 VC0B#ro#t£^L,. 6 0 2. 6 04T5S 
n-Sld-Vg ftJgliKK >fEVD=5 VC0B#C9#&£ 
SLTVil,. St. 6 0 5. 6 0 6lih*W>fEVD 

[0 0 8 1 ] *7fll« (B 6 (A) TtelV K 

T. 2 6 (B) Tli-lV £LL) WKK^Wl Oof f) 

x 10-13 A (Sy^TIg^) 06 
(A. . (B) Tljy-fXtg^^nTLioTl^. 
[0 0 3 2] C1L-C. 06 (A) . (B) IC^ctt-Sm 

jMf*:5»<&3R»!>fc. ^i:=t5TFTOfti«)i#l* 

A7>-?*ii. ^2ic^r. atittNf 1 ** 

S2IJP^ J r*;USTFT<£>Mtv.fH£ (£.€020* 
SOS, -533S*«:^LTVi*. 
[ 0 0 3 3 ] 
[Si] 



Nf+^TFTiBi^e^ (SingieGale) 





fcr_i[uAJ 
<VD-1 V) 


K»_2tuAJ 
(VD- JV) 
rvo~SV\ 


(YD- 1 V) | fVO» 5 V) 

rvG— e v> 1 nn^-i v> 






VO- v> 


1« 

(VO. 1 V) 


rOTJc\ 
(VO- 1 V) 


(VO- 1 V) j (VO- 1 V) 

<v<i.sv> • r*G— 4 \n 


Point t 


108.07 


330.63: 0.661 2.46 


0.19 


8.12 


-0.55 85.00 


174.08 


3H.34 


0.18 -0.17 


Point 2 


110.65 


328.891 0.71 1.2T 


B.19 


6.42 


-035 75.40 


203.65 


326.07 


-033- -0.33 


Point 3 


104.23 


321.931 0.92' 6.98 


6.05 


7.66i -034 81.301 189.82 


298.79 


0.08; -0.28 


Point 4 


1 10.741 342.70! 0.46 


1.92 


8.39 


8.25! -035 67.1 0 


188.86 


323.97 


0.09- -0.34 


Points 


9233 


291.00! 0.58 


1.4S 


6.20 


8.3Ci -0.41. 7S.B0 


160.44: 281.53 


0.09 


-0.30 


Point 6 


111.50 


345.87 ' 0.28 


2.24 


8.60 


8.1 Si -03= 89.50 


190.77! 328.03 


033 


-0.27 


Point 7 


96.77 


317.281 0.83 


2.17 


8.06 


8.16! -C.57; 87.30 


160.91! 297.70 


0.34 


-0.33 


Point 8 


99.16 


315.62' 0.27 


0.86 


8.56I 8Je: -035' 93.401 1 55.671 304.09 


0.11 


-0.31 




9834 


315.41 J 1.03 


1.62 


7.971 6.2Si -0.45- 87.50! 171.22! 265.34 


0.03 


0.46 


Point 10 


10038 


320.205 0.92 


4.70 


6.041 7.831 -0.6C 81.101 160 32! 304.09 


-0.14 


-0.03 


Point 11 


107.68 


337.04 


1.05 


3.85 


8.011 7.94J .0.55 81.70! 17837 1 322,64 


0.08 


0.10 


Point 12 


130^8 


388.87 


0.40 


1.G1 


8.511 8381 -OS'- 82.501 216.521 396.51: -0.11 


-0.48 


Point 13 


110.53 


332.17 


1.07 


1.14 


8.011 8.46 


-04: 76.90! 199.35! 32&89! 0.00 


-0.51 


Point 14 


12334 


359.87 


1.30 


1.27 


7.981 8.4* 


-033 33.90 1 236.08 


364.85: 034 


-0.50 


Point 15 


104.55 


312.87 


0.30 


1.22 


8.541 8.41 


-0.32 93.40I 181.05 


3iai6; -0.29 


-031 


Point 16 


97.181 303.28 


0.77 


1.311 8.1 CI 8.3e 


-03* 89.70' 167.40 


283.961 0.12 


038 


Point 17 


98.89 f 299.66 


0.42 


2.08i 8.371 8.16 


-03c 72.00' 190.44 


288.92' 0.20 


-0.10 


Point 18 


102-flDt 324.42 


0.73 


0.291 8.1 £1 0.051 -034 33.50! 17C.37 


288.65! D.23 


-0.03 


Point 10 


©6. 08! 307.26 


0.63 


2.74I 8.18 


8.051 -OSS 88.301 163.20 


283.82! 0.81 


-033 


Pant 2D 


11534! 348.82 


L^O 


1.541 8.02 


8.36I -0>« 77.60! 203.17 


355.26! 0.26 


-0.18 




105.891 327.20 


0.72 


2.-.3I 8.21 


8.27| -OAS 33.15 


1 83.76 


315.031 0.14 


-0.20 




934 22.66 


0.31 


1.521 0.21 


0.29I 0.O9 7.43 


2C.97 


30.081 0.22 


0.27 



[0 0 8 4] 



»2: 
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Pfv^HTFTSJSem (SingleGate) 



&TtA 


(VO- i v> 
(VG-B V) 


(VD- SV) 

fVG-« V) 


taff_i[pAJ 

(VO* t V) 


l3fl_2tpA] 
(VD- »V> 
(VG~1 V) 






VWCV] i S*iH* a.^fcm2*vs : IG erfo* 
(VD- 3 V) 1 Jmv«MB] | (VO- I V} j (VD* 1 V) ; (VO. 1 V) 
1 (VD-1V>i fV(J-5vr \ <m*L) • fVG.«V) 


KS_offfcaAl 
(vo-evi 




36.10 


76.60 


1.J3 


35.05 


7^431 6.34 


-1.521 94.30- 155.1BJ 155.1©: -0.101 0.11 


Point 2 


37.85 


75.50 


1 .us 


20.46 


7.56 i 6.57 


•1jS2I 128.10J 161.10 


16S.87 -0.12 


-0.16 




35.49! 73.92 




29.22! 7.35I 6.40 


-1-601 77.69i 150.99 


155.24: -0.04 


-025 


Point 4 


41.67 ! 92.14 


1.83 


23.75! 736I 6.59 


-1251 128.04! 150.61 


161.20; 0.13I -032 


Point 5 


41.32! 89.49 


0.51 


14.831 7.911 6.76 


-1351 106.32! 153.62 


164.66: -0.30 


-0.07 


Point 6 


33.651 75.65 


0.62 


25.051 7.6Sj 6.48 


-1-331 83,4Bi 146.27 


156.24: -0.26 


-020 


Point 7 


33.76 


80.06 


0.86 


21.201 7.651 6.5B 


•1-51 1 78.36i 154.67 


163.01. -0.32 


•024 


Point 8 


39.07 


83.43 


0.66 


20.061 7.771 6.62 


-136! 98.47! 144.56 


158.585 -027 


0.08 


Point 0 


40,51 


89.73 


0.:7 


20.481 8.3S1 6.64 


•1361 98.421 144.56 


162.1Si -0.28 


-021 


Point 10 


37.70 


77.90 


1.43 


21. '6! 7.42I 6.57 


-1jl6i 101.49J 15C.76 


156.57 0.23 


-0.18 


Point 11 


41.841 94.44 


0.43 


20,56! 7.99) 6.66 


-1.101 70.93i 135.11 


159.53' 027 


•0.05 


Point 12 


40.99! 84.98 


1.46 


16-60! 7.45i 6.71 


-1*81 94.08: 160.63 


169.98= -0.22 


-034 


Point 13 


37.73! 76.87 


0.41 


11.83! 7.96! 6.82 


-1.491 95.571 153.43 


156.67- 0.17 


-0,14 


Point 1* 


38.601 79.13 


1.53 


19.091 7.4C1 6.62 


-1 -SI 1 32,63i 162.44 


163.30! 0.17 


-039 


Point 15 


41.06 


B5.88 


0.41 


16.88! 8.001 6.71 


-1.471 98.00! 164.59 


169.98- -0.14 


0.17 


Point 16 


37.33 


77.99 


1.37 


44.30! 7.441 625 


-1.461 86.32! 1S2.76 


155.14 0.10 


-02S 


Point 17 


38.81 


80.83 


1.32 


17.751 7.47! 6.66 


-1-441 114.06! 16C.30 


160.53 -035 


026 


Poini 18 


39 £7 


84.08 


1.54 


27.T8 


7.411 6.49 


-1-51' 73.32! 152.38 


169.45 0.09 


-0.12 


Point 19 


43.04 


91.36 


1.05 


20.92 


7.611 6.641 -1.401 95.091 163.97' 174.55. -0.26 


020 


Point 20 


39.55 


B0.62; 0.67I 17.13 


7.77! 6.67! -1.531 88.12' 166.971 16a59! -0.21 


0.04 




39 .2D 


82.63! 1.02 


22.18 


7.65! 6.59! -1.451 93.56! 154.25S 162.32: -O.ogl -0.10 


fS3Mft£<r 


2.07 


6.1 4i 0.49 


7,37 


0.2fi! 0-14! 0.12! 17.11' 8.00! S.88; 021 1 0.19 



[0 0 8 5] 81. «2lC*t»TW«lttB-r^*.*l3:. 
It^l/yya^Hfttt (Slifi. S-value) 7i*60~100m 
Y/dec ©|UIlCiR**a/h$<, &Wlg. (AfE, tf'Jr 
-f) #150 ~400cm2/Vs t^^^irS^T^^VidtT 

[0 0 8 6] £ft&©W£7*—*«3i£3fefl!>TFTTU« 
fi£5F°JtE&teT£>0. *$IC*«Bt:J:aTFT*«JMS 
ffi±ICf£3S IfcMO S F E TCE*t-r*«»-C»tt1l6fc 
TFTT**ilt*IEWL/TV»*. 

[0 0 8 7] SfcBWlC. *3f6BHCJ:*TFTtt*1lf«C 
c» i » C £ AW 0 iS L «3£ ic «t £ » it^<t:Sa» ic J: 
oTmStlTVii. J»MC«*iMMM**TFTH: 

i*TFTI4*<k*»ft<. «»TH^WJE«te**LT 

[0 0 8 8] *&. *1. »2KH#%£LT*FfiMB* 
<fctfSPP<Ig (all) fcfE»T<5>. «*«»««9«* 

8.3%. ± 2 oOCJOi 4%. ± 3 a WF*5C39. 7%*>*A 

[0 0 8 9] *HJg^lOTFT^!4c05i- 
OIF. 51 ICl¥ffiT 1 40® <D T F T 

Sfil ©¥£9*1(387. lmV/dec(n-ch) , 105. 6mV/dec 
(p-ch) T?0. 1 (n-ch) . 25. 3 (p-ch) T 

3b ? ft. ^tz. »ft«©¥iiifflra77. 8cm2/Vs(n-ch) . 
151. lcm2.As(p-ch) T^O. &5?«I2te43. 6(n-ch) . 1 
2. 7 (p-ch) T$^>fc. 
[0 0 9 0] *JMJ**J , JBLfcN^r*>1'S{TF 



(1) S<BCDafflM5niV/dec{^F*q, 5? S L < til OmV/dec 

(2) Sffi75go±45niV/dec£iF*g. 5f £ L < (3S0 ± 30mV/d 

(3) uFE<Z)a{S75ioOcm2/Vs£lF*J. 5f £ b < ttA5cm2/Vs 
klf*J(CiR£5. 

[0 0 9 1] *5MB*flfflLfcP?Y*;USTF 
T !C45 1 > Ttt. GTF IC >ST*fc T F T^tt £f# « 3 £ # 

(1) StecDffffi7W0mV/dec£U*3. if £ L < te25mV/dec 

(2) Ste*< 100±90mV/dec6lrt. Jf$L<li 100 ±75 
mV/dec{i(.P*JIIiR^-&. 

(3) ;tFE©affl75«20cni2/Vs£ll*J. Sf £ L < (21 5cm2/Vs 

[0 0 9 2] W±C0«IC. *JREWlCJ:*TFTtta«>T 

illfeSiLjtMOS FET»*<««fflSnTV>fc»ftll 
HftSRAMIS»^»DRAMig8Mf. SjIS»lfP«:ie>S<i: 

[0093] ftfc, *mmmi:\ti'>tf)W'i hmm.<n 

TFTOf«aUl«©**E*L"Ct»**«. fflWf* 
hfiliaroTFT-^-e-fi^iroy-f hSffi^-r-s^^f 1 
dr-f hiiOTFTi:»l/Tt»afT4;W7*5. 
[0 0 9 4] Sfc. *^BJ(2Stte<DiSatt?:^«)-5C 

[0 0 9 5] [*^BJTf#<=.n5SS«lifi<$:!C53T^ai 
^) **Hi::J:-3T»£ft*«IH£iJWto<BI l 4 ic* 
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[009 6] bi'5 \zjfi?mams.<*ii. xikummm 

ffl8tff-5CtT*»Ha*K*«ftfl:L.90O -1100 
[0 0 9 7] &±^KlxT»j£U^IW4a»Ktt. 

B i 5 i^t«i:i-» ©ttAtta**:* < . ^F«»Jic»* 

[0 0 9 8] 12 1 5 K&^T, ISAM 1501 t£T« 
ftttffl 5 0 2ICioTHSnfettlSi:tt-3TV»a. fi£ 
oT. XIRCB 1 5K*T*m«ifi(*:*tFT©ettJB 
tltfilTSi. ^«H!J«C«tlH 5 0 2IC<fcoT£-f 

[0 0 9 9] — M 1 4 {r^-m&JglI.*Sifi<fcte. 12 

i 4 \zak-rmz. mik%Lft 1402 ^«^a£ojSB!Jtt 

I*M-IW tefc n «!:# A 5 ft* . 
[0 10 0] Se*J. *58E#saWtt£fcttStKtt*«> 

ci£d*58iS£ftT^£. ^nii. sasJii^x^;^- 
[0101] LfrLtetftt&wmziz. mxztzitte 

g£ft«=>fc^ <SMWK«fc*£JW:Sft&v») ffefl-T* 
££%*.TV>.£. 

[0 10 2] gLhOtttiC. -HttMfc^n-fc^-CttJMfcl/ 

fctsiMta*Bittiai sjc^-rabftiBflWJfiSffu. * 

[0103] L^LSc*t6>. *f«Hi::.£5il6fite&*BI- 

4 ! -WKtAc*«t**«fiFftUSei'>t%*6>*a*. BPS- 
* + u 7 ttffr e, ess $ ft s cl £ < ass P*qSB % 

[0 10 4] mz. *5W!l::J;0»'&ft**H*S&tttt 

t)(0SSS6*il*SW!r7t-5LTi i< ^ft**.T£> 



4. 

[0 10 5] **qH*€.Olt»3WEL^ft«. 
£*«*teS*«tt«Art«i:* + 'J7h77 7"£SC 0 

*«ET«J«SftS*<»f Lt>tt»«ifi<*T**£S^. 

4. 

[0 10 6] [§gJS#J 2 ) *%ffi0UH&Ag0iJ ITSLfc 
TFTTfeoTC MO SB»*«J5jfr CM 

o s mmtntem 1 t-s LfcfiSfcfliiieo -t *;h* t 

FTtPftWiTFTi: tffl»WlC»*#t>*T« 
Jj£$ft-5. 

[0 10 7] *»ffi«C4S»t*CM0SS»O^«lS 
K>-§U&#I2:I2 7. H8tffll»TISl*-rs. fc*J, ** 
(HICJ:0»fi!tSft*»ft14a*Blro*ffl«fflf*C<. C 
MO S H» tJBjStr **ftl4**«i«lllfio ©TTtt 

[0108] £-rnffl»0j i i;*r^»¥«iceiE-3T. s 

HS«7 0 l±CMgII7 0 2*flt«U -5-0>±IC 
ttAtt&XJR (H^-S-T) fLT^n^- 
X>^-T-S)d£!C ! iON? J r^;USTFT£OS14B-7 0 
3iPft*JHTFT®gtt§7 0 4 ££fl^j£-f£. 
[0 10 9] Si*i7 0 3. 7 0 44MUc?>^h 
*fe»K7 0 5£j£lgb. S6i:Aoy>JSI{S4t«I 

7 0 4 fi#3?0J<SSSi!.«?i*#£ft 15 . A#fc«K £^® 
Sfftsy-f h^»17 0 5*<»J5fcSftS. 

[oiio] acy-r h««©iRffi r 

7;U5x^AKcD/^->7 0 6. 7 0 7 
(K*-sWif&&*>rt5'-->>f\Zfcm^tzVV7, 

[0 111] (A) ©ttffi**f»6ft*. 7 

;i/5z:^AKcO/t^-> 7 0 6 . 7 0 7?;ML/ 1 :6, 

HMfi»J 1 £fSI«<D^frT : b-3T7;i'£- r >AM» 
/^->7 0 6. 7 0 7 <3fl!l®»::£?Ut<&»fflKftJR7 
0 8. 7 0 9 ZBSZtZ. *H»JT(iCro^?LHwr# 
<S&<tJ&7 0 8. 7 0 9<Z)lgJ¥3). 5 amin. 

[0 112] S 6!=. iH*Oft#Tt>oT* 
gT>»Btefifrl5K<bJ8 7 10.71 1 W)gfitS:fT'3. /i 

jESrsatnT-s. s^. zoxsir=toy-r sm®7 1 

2. 7 13A«ST5. C -j LTH) 7 (B) (BtSfcttSS 
A«ff6ft*. 

[0 113] 12 7 (B) <0ttlfcW»6ftfc6. H«fi 
mSL7 0 5*H7-fXy*>^ft(CJ:»3Xy^->5 r T 
4. iroX7f>yiST!iyi' KS&7 12. 7 L 3 
^«t^?LK1fv<or*1SK{tia 708. 709#-7X?£ 
StoT. -tOlBT©*i:y-f h«IW)l**38B¥T*. X-y 
^^ir^.'^cor.si^/uja 7 o . 7 o q 
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t-5i0 7 (C) rattsgtfc*. 

CO 1 14] P^f *;MHTFT*«V»lli-r*K 

Ltl/-^ hV^i7 7 1 4 *»J*U NS$^4t5^ 
W^iLTP <»J» K-fcf^T-S. JL©K 

— flnS^JBOKeV . K-X* 0. 1 ~ 5X10' 3 

atoms/cm 2 . ffJL<llfl.5~ 2 x I0 l3 atoms/cm 2 atom 
s/cm 2 Tfrti?. 

[0 115] £©K-K>dfXgiaJtttW»MEj&»K 

0 S'Nifl-SjASn-S. 7 15. 7 1 

6T»stt***w:p<*>j5nfc»;£tt*>. (H7 

(C) ) 

[0 1 16] 07 (D) IZTTf.fc^lCPItfP-f * 

KeV i&d&KtfcjgL. K-Xia. I ~ l x lOlaatoms/ 
cm 2 , }FtL<tt2~ 5 x lO^atoms/cm 2 tf5. 

7, 71 8*«»fiJt£ftS. 

[0117] H7 (D) IZ&lT&timT l/fcRj«TN 
^**;i«TFT<&i8ttliJ&«fSj£T*. BPS. N9=-ir* 
;«TFTOV-Xf«7 17, FH>ffi«7 18. 
flaUCTM'Mlflitt <*fcf4LDD««) 7 19, 7 2 
0, ^^WEflsKflli^ 2 

[0 118] 0 8 (A) KTK-TckoC^fijCDN^ 

**;i*TFT«3l'5?;*hV*?7 2 2 
*, *LT. 0 8 (A) K3RTttlBli:*ViTPS*«-# 

[0 119] lliCDB-f 5f ><0 K— e>^«3]Dj£«BE 
30KeV . K-Xg£ 0. 1~ 5 x lO^atoms/cm 2 . $?£L 
<« 0. 5~ 2X10l4 a toins/cni 2 U&LftZ. Z.G>JM\Z 
£0 7 2 3, 7 2 4T»Sft**B*CB^*>a«*aiJS 
(B8 (A) ) 

[0 1 2 03 2*BOB-f*>©K— tf>y»4»liai«E 
5KeV . 0. 1~ 1 x I0l5aioms/cm 2 . ffSL 

<tt 2- 5xi0 14 atoms/cm 2 SSiTS. :1<£>X?IKJ; 

DK«flECB-f sf>a««»3ttfcflWt7 2 5. 7 2 6** 

Jgfi£<*tt-5. (IS 8 (B)') 
[0 12 1] GLt©lSK«k'> Pft^HTFTfflV 

— *HWt7 2 5. K U-f >«J«7 2 6 . &£UCTM4Ml 

« (SftllLDDi^) 7 2 7. 7 2 8. ft^WgK 

fs«7 2 9a*Hjrr*. 

[0 12 2] 12 8 (B) IC*TX?lcD*$T&, U 

[0 12 3] ifctc. JIMIUUR7 3 O&OOOAaJVSIC 
fiSBIT*. WIHKUHR7 3 0 («Kfc3*». BMfcSfkS 



X7CVDS. »CVD£, *fcf>D- hffiiffl^nti 

[0 1 2 4] ^K3>^^ h*-;KO»fiJE*fTH. N? 
t^STFTC7-Xfg7 3 1. Pft^HTF 
T©7-X«ffi7 3 2 SrJ&jJt-T*. KW >S® 

7 3 3ttN^*;i^TFTi:P?-+*;U3lTFT£T 

**r***«jRir5-i:TCMosii»**i8a$n 

*. (18 (C) ) 

[0 12 5] &±0»jWiS«£T. 12 8 (C) ICjRT 
»JfiT**CMOS!lI»*f^«-r*C4:**T**. CM 
OS[5IgSISfifc*i(JE^«fiEC0-f >/N'— ^[hIS»T»I3. C 

[0 12 6] (A) IC^Tiffi^Kli. *H 

ffi«I^ScoTf^a L/.-tCMO SIS»*ia**t)"ti-T«lJSiJE 

^ T5IKC 7 2 y- 4 h 'J * XlMISSli 

[0 12 7] ftis, i2 9 (A) (C^-TU >y^-->U— ^ 
*«fi3t-rsCMOSIsI»©y-1' N«ffiigfi!M.6 jimi 

[0 12 8] 12 9 (B) (C(4#%iL,T->7 

12 9 (B) i;Sty7hUv 

I#f«C07 K l/X ^gts D 7 ? 

^X^S&lSHa^irSMH z HSfMHz SgCO# 

[0 12 9] 9 (A) CStU >y^"i>U-^ 

[3&a££BA&R€M''c;&tS»£H 1 0 IZ^T. i!lS(4 
9. 19. 5 lffi (&) Z) C MO SIUK£&ig?L 

£45. 12 1 o:r^-TiS*ii s P^5=-^T$.-5. 
[0 1 3 0] 12 1 0i;«tSi. fl«J^.«a®tlffi5 V. 9 

ao';>y*xu-^tao2 mh z oftsmfc&sxst 

/S&&454. 37 M H z (^Jg^JE3. 3 V) . 539.51 MHz 
1 1 I -ST. 

[0131] •z.neroffiiafiessrof^sxsTf^siLfc'j 

>y^i- U- ^ Csfc^T 2 0 «ittHftf^iBflE*W3" S - 
tSlSfeLTV^. S.'t. 1 ~5 VOTtEfflT?S®©iE€: 
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[0 13 2] £Lt©«K. *f?BJi£#lfflLfcCMOS[I! 

[0 13 3] £<=>K. ^^^;Ufi*0. 6 wmiffifeTSl 

•5 d t it . (c «fc 5 T F T j5«J£ ? r * £ 

[0134] (#fgBJ ©*J&*» 8»i>n4j«] ^MtfJ 
1 &£ZM1&m 2 i:HI!f-^^fcoTSLt«i:, * 

HItJE#14) £1131 LTV > -5. Sfc. dOD«^ 

6 ic <£ -5 t f t tf<m cna if £ tr»*fl:tt iz 

[0 13 5] *5E^#6>li. ^fSWICfcSTFTWWE 
feiaUfc. BP a. *f!?H*6»»a?-f *^W»BJt««K*i 

[0 13 6] JMWgiCtt, «ftttff*<W»cKU^>«* 

[0 13 7] fiUtSSittSi. *58tHKi*ttftttS 
(1) *+'J7*«iMKrt"* (#t'J7i:i5T) a«*J 

-7.- HW'T >ra*,S4^7lS]) ica^SlBf^lSfnT* 
[0 13 8] licoT. ±fE2 0<7D«fiXS:1KfcT. 

[0 13 9] WiWflU&tt. ^roitiai^AT-ms 
3d*. *58$J#6<BfSSfc , r— ^i>5^tlS*©T* 

c £ TH« co2i* *f» « c i #T* * lite <^ t ^ 



[0 14 0] *ISS*6J4fi?-lr*;U3Kl*«) 
•Wiro^T. ErFKEWT-S. fcfc. ElTlclEttT* 

[0 14 1] fi^**;i^»»£M:. lr*i»tt*E<0tt 
yi/a)V K«ftt©*<k^:<k*©i6WT»*. #IClBIH4:* 

l; - i: T V -*<SJ<Z)&1IKS&7W£T L . V - 

[0 14 2] -td-C*«fI#5l»»B©«ft8£JM>34 

mtrSaL-T. *r^;US*t). 01~2 tfmilWSfY 
^TFTII&^Tti. ^-fr^^BJtfRttCSLTAA 

[0 14 3] -ZO«lfe»lJBEJ4»*»*H 1 2KST«ft 

(A) K*3^T. 12 0 1 1 2 0 2IJK 

U-f 1 2 0 3 8i?-^*;WBJ5!t*«T» 0 . 

*;L^j£««l 2 0 3 ©*(CttAifeM(C^F««5«Wl 2 
0 4^SSftS. ^^l/WfifcflWU 2 0 3 

T.W«lffi«cl 2 0 4£^tf)«ttl 2 0 5ti, 

[0144] Z ITi 1 2 (A) i:i^;-r*8i£te. m 1 4 

T&§. SP^. la 1 4C7) l 4 0 2TS^fl^)SB B B^^ 
H 1 2 (A) W?Fffi«|ffiWl 2 0 4CfiSU Hi 1 4 CO 
»ttStBtttt8ftl40 1liHl2 (A) <D*+V7 
fim&>TZ>i®Ml 2 0 5tC^^T^^TS-S>o 

[0 14 5] fi^^T. ^^*;W»J5lc««l 2 0 3F*3IZK 
«S*lft:5F«»««l 2 0 4ttf^*;WBJ««WW«w« 

[0 14 6] SI 1 2 (A) SrA-A' T^J^L^ 

»rSS$:l§Il2 (B) (I^fo 1 2 0 6 td46»Sffi 
T5S«T»i. 0 12 (A) SB-B' 

LfciSSIfffiBISrBI 1 2 (C) IC^To 

[0 14 7] ^^3. SI 1 2 (C) lC*3^Tvpi. ntt^« 
^^tSl 2 0 4 CDi)ig£SU vpa 5 mti^ir U7^»T 

2 0 3F^lC^5t^T, wDi, nS^nSSW^jRMtttW'B^ 

[0 14 8] fi£^T, *»qB«C«fcSTFTWHKO«» 

pa ^wpa. m$: 1 — mST«l^ZJe*a) £<^A L < "CIS 
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[0 14 9] 

«FE= 1/ Cox (Aid/ A V g) -1/Vd-L/W 
Z.Z.TCni&'t MttfcOt&S. Aid. AVgttW 
-?nh*U-f>€flitI dtirW hSJEV gco^<tS. Vd 

[0 15 0] La»LfcJi«e>. SfcS&Wfc^f^WBVlta* 

»TV»S. BP'S, SW^lME±9fc**HiBa«»6*l 
[0 15 1] *W»««fcH 1 2 (A) ir^T« 

[0 15 2] fMKK («FE> CL -TliSH 

[0 15 3] 
Kl] 

-1 

/z = (1/ /£l+1/-jui) 

[0 15 4] H©RnSft$ft*att. ±<fc£K)75:#8lg 

»?»ao«»ta^fc«^roiwii«tf i < i(4 

lattice *S*rrS) ©j»*J:rPFtt*«iL©*»* 

gttfc»§-C0;|£ftSE;i i ( jteimpurity £Sc"*T«>> CO 

[0 15 5] 
»2J 

-5/2 -3/2 

/*i oc (m*) T 

[0 15 6] 
«3] 

-1/2 -1 3/2 

ju- « (m*) NiT 

[0 15 7] Z.tl<b<D : 3HZ&2>i:. ^**;WBfiMi«± 

6. El 2 CaSTaUS©*^ »8BM«C^tt*«l«*» 

fi£LTV>£C0T\ U T^a-r«)«tStl3^.*6«!)A i 

[0 15 8] HIS. SlftW«Ctt»3C4SV»T-f *>fl:L 
fc**M»J©«*N j £IS 0 ft < 0 \Z>B:~3tf2> Z £ 

ttlBDfc<*IR*i3£-^»Tv>< 



[0 15 9] 112 (A) Kfcl^T^WWfllttl 

2 0 4 7^Y*;kftft£®B§¥^£ft£&f::Kg£ttT 
t»-5^ifiSST$>-5. dco&ftiHBti. ii4i:SL 

[0 16 0] d©*fcEH:£Lfc«£\ *tt«««l 2 
04U r^ttcDMSlS^J iLTSss^t^ssn^ 
COT, 7 £*#ffi-f£C <*:&<. U-;U©«ft:aa 

;:©-£(;£. **'J7ra±©«^lcJ;*1tta©«»«:fi 

[0 16 1] Sfc. 6U:©lISttlflJ«i:TS;i£.T. 

3 1 € jg d T •- i *«I«g T * 4 £ n 5 * H ICSO* < WC 
[0 16 2] Sfc. >fflffi£J»©j£*« 

TSWEC0r6]±<h*f:-9-7'7.U-y>3;L'K<lftt (Sffi) CO 
[0 16 3] tf^UyxaJt'h'flrttWfcLhtt. *«J& 

[0 164] 11 2 (A) TSTfil^iLfeBfll. ^ 
[0 16 5] 

S=ln10 • kT/q [1+(Cd+Cit)/Cox] 

[0 1 6 6] SSC4 (3i3ViT, )<L\tX)VV^ Tit 

»CittOCBItE*l8 0jfi^*itT. Cti =Cii = 
0 £!ft-sa»tttS. IB^SffljJeOmV/decade £^*¥# 

[0 16 7] fcfc'U »4lwSSn*itttSfiB*#llST 
-5^J*C0i£^i!t;-e^0. TFTtTtSlcOi£^(rS£t)-f 
(C60mV/decade UiTcollS^i^f 6<T4 i: 

[0 16 8] t-:5T. *»W*»6tt*$n**«lflt"? 
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£Ii!«T-S> 1 iZ $3 2> S> T-$> £. 
[0 16 93 ^T, x*;U=F-MB*»fiJt-r«£!'»3 

*«&«®Tfc^m^£>5<!:M*.«k5. HI'S. Nf-f* 
[0 170] 3F««««*P*fcttB-f *>Tf« 

[0171] u±©«ic. *mj«»a*iBii»TBi!«-r* 

*;Ufi*«S«i>T« v>x w — ^ity 5 9 n 
[0172] CSdSGM 3 ) *»!8fi»JTtt«!Efl»J 1 Ca« L 

[0173] *sei«icw-ris4saie« 1 

■&2>Z\t TiSteB «t» © - y y JHK * 3 6 ICjskSW ICtt 
[0 17 4] 3tfc, 700 -CSfiAfcaiJIMEfflCi-aT* 

[0175] cxaepj 4 ] *mxB9ttii9ffim 1 ess u 
c*u»t. y-r biemat 1 o 7 £racjR-r-sxg£<ifB& 

[0 17 6] iOB»WJ«a*T&JIMMt«C»UT, SJS 

~ 1500 A (RSWICI3S00 ~ 1000 A) W^fflTJg/SXT^ 
•5. 

[0 17 7] S&BMfcJR©*T'y-f hUmMZMSZ? Z> t 

waftfftfDiitE^^flwwsiisfpaiT**^^:. y-r H 

[0 17 8] ±EIfiTi»j£Shfc!IWMkBl0± 

y-r KWEWsuz-raa*. iBMRflaitSLWftctsBit 



[0 1 7 9] ±Exa**«7C* miz-y'r 

M ©IfcSXSiLTJiStL. ±ElgTM^ntl 
K<tK£l$£OT. S**«MfcBI*»fifcLTy-f hS£» 

[0180] CSJgffl 5 ) *HJe^JT(S. *f6.§B*JtBffl 
LTf£5iLfcTFT£:DRAM Oynamic RondomAccess 
Memory) i3«fct£SRAM Static Rondom Access Memo 
ry ) ICJSfliLfcflJKOHTttSiTS. BMBCttlB 1 6 

[0 18 1] DRAMttE«T*1M86««f£bT3> 

SftfcTFTICckoTMflSJSftS. DRAM^lI©^ 
=&«J-fe^*«lfiET-5T FTi:3>x>-*W[HlS&«rE 1 6 
(A) 

[0 18 2] 7-K»l 6 0 lKioTy-f 
X.e>n-S<h, 1 6 0 3T^$n*TFTte#atK*££:;'S: 
S. ^CttHTfv hfil 6 0 2»6D>f>1t 1 6 

0 4 lc*ffifji9fe**ftTttW8fett*iiA/fc* 0 . 5«£« Lfc 

s. IPS, >f>^i:i«^ ntt^T F ti: 

[0 18 3] DRA.MOWaiS HfflW^U £«J5X;T2> 

[0 18 4] TFTSfflHTDRAMt;^M 

[0 18 5] SHj^^iLTSFJ&eT^ffl^fe 
S R AM@S&£r!2l 1 6 (B) djjVf. 
? t m& V>m% « T F T Tf^T-S S R A M«5 iS * <t * 

[0186] SRAM«7'J777D7 T'tPWjR^Sli 

N - O F F -5 l»tSO F F - O N <D 2 $?g&3&\Zl$fo L. 

is a** is o izig^i^ $ n-s .■s.t^'J t * * . 

[0 18 7] 1 6 0 oT-TnZtlZOUV— 

1 6 0 6 lit'-y hiSSTS^. 1 6 0 7 HHJfeStT «J&H 

K7'fAI-7»^?t 1 6 0 9TS$n-5ct^^2jffl 



(15) 



4? ^¥10-135468 



[0 18 8] EU:©J;3fc*;5fcTfc4SRAMC!>«« 

[0189] 6 ] *H»JT(J. fgJj&#J 1 CD¥ 

J»««114S«tt«IJefl"J2©CMOSI3»S;fflV>T|BI— « 

[0 19 0] fc35, aSJy^ESitt. ^22JE®][El&-<f> 
SHlC^Tte. IMmtEQlSft-eSiJUEOlBljBfc&o 

[0 19 1] Sfc. 3>hn-;ng»ttt^n-ty»Mg 
K. ^'JEtt. ?Dy*3g£l3». A,'D (D/A) 

[0 19 2] ClC3J:-5a«aKaWBlB«"TBH*rs*W 
-T *ttt£ Sr^-T -5 T F TT fc o T D is v 9 (USS JiM" 
[0193] Cf?fi6#j 7 ] *HM^JTIiSIM^J 1 

[0194] *r. nam 1 tH*ois«sTH 1 

(D) ESftttttl**. 0 1 (D) K:ift?1*IS*»fc 

«rai«ffv», 1000Aaj*£Oj»tt»ffttfcgief*<5. 

dC0«J6S:H 1 7 (A) IZxkT. 
[0 1 9 5] 01 7 (A) Kj&HT. 1 0 L (£S£& 
S. 10 2 ttTflMR. 1 0 6 (SfittJI. 1 0 7 ttffcKy 

0 HJTJl'Sz^ASis^tTSTOTSSy-f Km 
ffi. 1 7 0 2 hit® 17 0 1 ^ttfiBM: LT*# 5 

[0 19 6] &»;:. CCtttTSttgl 0 6K#LT— 

T. dO-f^-^AXSICtO^iW^l^l 7 0 3. 1 
7 0 4*«»l«*ns. 

[0 19 7] Wi'ftXCftAA^TLte. S<t& 
%lg 1 7 0 5 £ 0. 5-1 um<DB$\Zl$Jtrr&. JSfflR* 



[0 19 8] I^lT^l 7 (B) ©tKIfeW&SJ'i*. 
Bl 7 (B) OttSto«»&n;fcS. ^ICS^kS^Kl 7 
0 5 SlyfA-; i7fe(C«t0X-y^>yLT. y*-f 

a 1 7 o i «>fl!fitro*Kr. cl-5 LTjssnfcsrta 
[0199] -co is. fmim i o 7 tay-r h*ffa*^ 

**<^^fc«*EW7Wfc£SftTH 1 7 (C) IZOk? 

[0 2 0 0] 12 1 7 (C) IC^-rbURTSCWFIIW-f * 

A©«-X*J:iDt)S4i>£LT*5<. ^C<t>aAtf3 
S. ^W^-;H 7 0 6OlT©f®1 7 0 7, 1 
7 0 8tt-f:*>aAj&*fTfc*>*-lfci,»flDT. ^««-f*> 
<OfiSK£<ktefci». L^L, SiilUfc««l 7 0 9. 

1 7 1 ois$5K»aa^^tt«-r*>j&<ffiAStt*:L 

tizfzz. 

[0 2 0 1] ^±C0^[C2SBW-f *>£A£;£T. V 
1 7 0 9. KH >«« 1710 iSitXV-* 

Si (LDDW 1 7 0 7, 1 7 0 8**»J5)ESn-s: * 

y-r hma 1 7 0 1 wet tar > k— 
0. ?**;w&fijt«wi 7 1 1 

[0 2 0 2] GLtOIgftftTHl 7 (C) 
itlfzi. 300 A©IS$WBjr;l,fcl,»?-^>JR£j£B| 

KlifcJfflRfllgSfTfci :iTV-7«« 1 7 0 9. K 
U-f >««1 7 1 0COS®IC?-^>-> , Jlt'r K 1 7 1 
2 . 17 13 fcflMT-S. (0 17 (D) ) 
[0 2 0 3]' ;W3. ±ElStt^ 9 ic*> 

*;i<3S. ^>y^T->M. ^uy^^^^ffl^-s-i 
[0204] jbihm&wr 1 7 1 4izLTm<t&m 

•KS5000Aro»$CfiflRL, 7-71117 15, Ku- 
-f 17 16 SJgfiJt-TS. £"5 LTI3 1 7 (D) IC 

8fiI<Z>T F Ta^SfiJtT-S. 
[0 2 0 5] aJtSJB«lJTSr«JfiOTFTJ4. ' 
h' U-f > •> 'J -y — f K 1 7 1 2 , 17 13 4 

[0 2 0 6] CXffi0iJ 8 ] *^^JT(4H^J 1 ^Acli 
«Jfi«ii7i:J|ft:*«ift©TFT^S-r-S«iJ*S-r. 
BJICitS 1 8 

[0 2 0 7] ST. jU5S#J 1 d:H«©lS*S5TS 1 
(D) \Z^Tkm*:'&Z>. 1z1ZL, ^mMm^tf-i h 

SCiiT^. ' ffltti^ia l 8 (A) 
[0 208] IH18 (A) ICiSV^T. 1 0 1 
S. 102 ttTifiK. 1 0 6 1 0 7 \tik\zf 
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0 (Ji*'J->'J=l>Bl) -eft*y-r 

ST**. 

[0 2 0 9] ^IC. iOttJB-WSttJll 0 6I=»LT— 

T. CO-f*>ttAXSlC«i:0^K«|*l«l 8 0 2. 1 
8 0 3*W$n^. (El 8 (B) ) 
[0 2 10] 3RW«K *->©£A!ttl*7LfcS. 

0 4 SJBfltT*. 

[0 2 11] fLT. -9-f ;H 8 0 4Srl*J5£L 

PllPFi&#K*>C9£A£fT£:-5. ELL© 2*© 
-ft^ASST. V-7ffi«1 8 0 7, KKXiltt 

1 8 0 8. ftSft^FtttflliUft (LDDiKO 1 8 0 5. 
1 8 0 6, ^**;WBj5fcfllttl 8 0 9j&«»J5JtS*V&. 

[0 2 12] G/LhraiS&ftTlHl 8 (C) ©«WfcW» 

e>n£.e>, soo k<Dm-£<D^5R\s-t3i^'?>>f?>7->Wk$: 
«c±*«i»«afcfT3a:-5 ^ity-r i 8 o i . 

V— 1 8 0 7. h* K 1 8 0 8. ©affile 

^>^x>->'J-y--f K 1 8 1 0~ 1 8 1 2£Ml$.-r 
•5. (0 1 8 (D) ) 

[0 2 13] 3fcC, MWifeSJKl 8 1 3iLTlftSI 
«£4000A©JSSICJ5JtJRU 14, Kl/ 

-f>fgl8 15SMt5. l5LTEil8 (D) \Z 
jjVTflligOT F Tj05EJ5W*. 

[0 2 14] *HM#JT^-r«i£<DTFTIi, y-f 

HI 8 1 0-1 8 1 2 sr^LTixoaLeaiSi^-r^ 

©T&$?ft:*-S y9l>9 9 h£SS§!T£-5. 
[0215] CHM#J 9 ) *HJS0ra£WJ **l JH U 

[0 2 16] *&BJ£*JfflL;t¥jS^£K©J£ffl 
SatLTIiTV^^^'; 'vyF'7')>hf^^A 

0 1 9£ffiv>TfT-5. 

[0 2 1 7] a 1 9 (A) liTV#*5T&9. *<£ 2 
0 0 1, #*7BI52 0 0 2. StsSI2 0 0 3. &f£* 
-f 0 0 4TtSfi£$n4. Sigff2 0 0 3ISh'i 
-77-f LTfilfSn^. 

[0218] 11 9 (B) li'N-y KT^> hf-f 
-fT*0. *#2 10 1. 10 2. A'^h'SR 

2 1 0 3T«st£*l*. Stk^^2 1 0 2 ttftftW*!! 



©^<X©fc©#2&feffl£*l£>. 
[0 2 19] El 19 (C) IS*— ±t*y--> 3 >T& 
0. *#2 2 0 1 . ifsSB2 2 0 2. »f£;w y?-2 

2 0 3, 7>^2 2 0 4tl^ni>. tig§2 2 

[0 2 2 0] 019 (D) faS?3?1#fSSig;fciSI§ CfcHfi£ 
fl»JTIS^^mii) T£0. **2 3 0 1, *FfcH?ja2 

3 0 2, #^A*SI5 2 3 0 3, *^gg 2 3 0 4. MkfE 
#^>2 3 0 5. 7yj-ir 2 3 0 6Tl^ns. Stk 
£E2 3 0 3IC»LTia. ^WlZTVSIStLTSlii 

[0 2 2 1] 0 19 (E) ttt^jj-a^-cfco. *<* 
2 4 0 1, g^gg 2 4 0 2. 2 4 0 3. &f£7. 

-f7f2 40 4. r-^;^-2 4 0 5TM3n 
*. s^S12 4 0 2 IC^Lai^tx^S^iS^li^BIgB 
2 4 0 3 £jSLT'J7;k$M ACljlS ' £^T££CD 

[0 2 2 2] 1219 (D) IS7D> h^n^zjxa > 
T£ *ft2 5 0 l. 3t»2 5 0 2. SftMs^gil 
2 5 0 3, Jt^t* (f-AT.T'U y *~ 

2 5 0 4. 7?'J->2 5 0 5TMSn5. 
^i7'J->2 5 0 5tt£HB^*£?£afci:"©7V-tf>7 1 - 
— ->= >lt?>l^$n^^;SJffi7,^ 'J — >T£>-5OTT\ S 

5 0 3ttWv»#ftaW*R#S*l*. 
[0 2 2 3] S/t. *5QB«CSL&«S3t^aB6l^ 

TS4. 

[0 2 2 4] ***©TFTli«Sv3t*a«K:lfi 

<=>-f. #J*JfS RAM^D R A M i 1 o tiTlft/tlHl 

[0 2 2 5] 

KHosift] *wn»Ti!iisr<B*i8cj:*itf. m& 

a •> »J 3 >± (Cf^K L^MOS F E T ICGESfcT £> ffi V »tt 

BJ CO T F T T«iJ& U 'J > ^ * ■> V - 9 V T F T 
T««*nfeU >i7 r ^->l—^lZlt'<T2 OteCDKiiSj 

[0 2 2 6] seir. -co«ftSw^14^LTu4i: 

[0 2 2 7] Cl±0*ftTFT*ffl^T«flt$*lS«8l 

{tisstwot^siiicjBfflractT. m^Je^s-B 
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